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The thesis entitled “Enantioselective discrimination of amino acids and hexose 
monosaccharides in gas phase using electrospray ionization mass 
spectrometry” is divided into three chapters. 
 
Chapter 1: Enantioselective discrimination and determination of optical purity of 
amino acids. 
Chapter I consists of four parts.  
Part I: Review on enantioselective discrimination of amino acids by mass 
spectrometry. 
Part II: Enantioselective discrimination of D- and L-amino acids using iodinated L-
tyrosines as chiral references: effect of iodine substituent. 
Part III: Halogen substituted phenylalanines as chiral references for 
enantioselective discrimination of amino acids: effect of halogen. 
Part IV: Enantioselective discrimination of D- and L-amino acids using iodinated 
L-thyronines as chiral references. 
 
CHAPTER 2: Exploration of mononucleotides as fixed ligands towards 
enantioselective discrimination of hexose monosaccharides by the kinetic 
method. 
CHAPTER 3: Estimation of gas phase acidities of deoxyribonucleosides using 
extended kinetic method. 
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CHAPTER I 
Part I:  Review on enantioselective discrimination of amino acids by mass 
spectrometry. 
Amino acids are critical to life, and have a variety of roles in metabolism. One 
particularly important function is as the building blocks of proteins, which are 
linear chains of amino acids. These molecules are particularly important in 
biochemistry, where this term refers to α-amino acids with the general formula 
H2NCHRCOOH, where R is an organic substituent. While L-amino acids 
represent the vast majority of amino acids found in proteins, D-amino acids are 
found in some proteins produced by exotic sea-dwelling organisms, such as cone 
snails. The mass spectrometer is achiral in nature; hence, it cannot provide any 
information towards chirality of the substrate.  However, the use of chiral 
reagent gases in chemical ionization (CI) mass spectrometry and co-matrices of 
chiral hosts in the fast atom bombardment (FAB) mass spectrometry [or liquid 
secondary ion mass spectrometry (LSIMS)], and formation of diastereomeric 
complexes with pure chiral reference compounds followed by dissociation in 
electrospray ionization mass spectrometry (ESIMS) have made the mass 
spectrometer as an important tool to detect the chirality of amino acid 
enantiomers. An important step for enantioselective recognition of amino acid 
using mass spectrometry is diastereomeric adduct ion formation either inside or 
outside  the source of mass spectrometer by adding a chiral reference compound 
to the compound/matrix system and analyzing the formation and 
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decomposition characteristics of the diastereomeric adducts in the gas phase. In 
this part, studies regarding the enantioselective discrimination of amino acid 
using different methods under mass spectral conditions are reviewed. 
 
Part II: Enantioselective discrimination of D- and L-amino acids using iodinated 
L- tyrosines as chiral references: effect of iodine substituent. 
The iodinated L-tyrosines, are known to involve in the control of tissue 
development and differentiation, the regulation of oxygen consumption, and the 
promotion of various metabolic processes. Because of its bulkiness and 
polarizability, the iodo groups can involve in the enantioselective discrimination 
process through noncovalent interactions.  Thus we used L-tyrosine and 
iodinated L-tyrosines as references in combination with Cu and Ni, in 
enantioselective discrimination of amino acids using the kinetic method. 
Typical ESI mass spectrum of a solution mixture containing a reference (L-
tyrosine or 3-iodo-L-tyrosine or 3,5-diiodo-L-tyrosine), analyte (D or L-amino 
acid) and metal halide (MCl2, M = Ni or Cu) comprises trimeric ions 
corresponding to [M(ref)2(A)-H]+ which are formed by deprotonation of one of 
the reference or analyte while the others coordinate to M(II).  The collision 
induced dissociation (CID) spectra of the trimeric complex ions exclusively result 
in two fragment ions corresponding to the loss of a reference amino acid and loss 
of analyte amino acid (Scheme 1).   
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 ref  = chiral reference ligand, A =analyte, MII = metal ion, I = abundance 
     RD       = I[MII(ref)(AD)-H]+/I[MII(ref)2-H]+ 
     RL        = I[MII(ref)(AL)-H]+/I[MII(ref)2-H]+ 
                                        Rchiral  = RD/RL 
                                                 Scheme 1 
The relative abundances of the two fragments are found to be different for 
the spectra of trimeric complex ions from two enantiomeric analytes. The 
difference in heats of formation of the diastereomeric ions [M(ref)(AD)-H]+ and 
[M(ref)(AL)-H]+ is responsible for the observed differences in the relative 
abundance ratios.  
The enantioselective discrimination experiments using L-Tyr, 3-iodo-L-
tyrosine and 3,5-diiodo-L-tyrosine as the reference and Ni as the central metal 
ion were carried out for discriminating the D- and L-isomers of naturally 
occurring amino acids. The spectra of trimeric complex ion with Arg, Asn, Cys, 
Gln, His, Lys, Met, and Trp show only the fragment ion due to the loss of 
reference, and the other fragment ion due to the loss of amino acid is negligible 
which makes difficult the accurate measurement of abundance ratio. For the 
I[MII(A)(ref)2 -H]
+
I[MII(A)(ref) -H]+
I[MII(ref)2 -H]
+
+    ref
+    A
a
b
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successful cases, the Rchiral values were calculated and tabulated in Table 1. There 
is considerable increase in enantioselective discrimination for amino acids going 
from L-Tyr to 3-iodo-L-tyrosine and to 3,5-diiodo-L-tyrosine as references (except 
acidic amino acids). All the above experiments were also done replacing Ni by 
Cu and found that the enantioselective discrimination becomes much better with 
Cu. The spectra of Val with all the three (L-Tyr, 3-iodo-L-tyrosine, and 3,5-
diiodo-L-tyrosine) reference and Cu as central metal ion is shown in Figure 1 as 
an example.  
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Table 1: Rchiral values for the amino acids using tyrosine and iodinated tyrosine 
as the reference and Ni as central metal ion.* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*CID activation level is optimized and kept constant for all measurements of enantiomers. The standard 
deviation (SD) is based on triplicate measurements on different days. 
 
 
 
 
Amino Acid 
 
Tyrosine ± SD 
 
3- Iodo 
L-tyrosine ± SD 
3,5-Diiodo 
L-tyrosine ± SD 
Phenylalanine 1.9 ± 0.1 2.8 ± 0.2 4.5 ± 0.1 
Tyrosine  - 2.1 ± 0.2 5.2 ± 0.6 
Alanine 1.1 ± 0.1 1.4 ± 0.2 2.0 ± 0.1 
Isoleucine 2.0 ± 0.1 3.2 ± 0.1 6.0 ± 0.2 
Leucine 1.4 ± 0.1 2.2 ± 0.1 2.8 ± 0.2 
Serine 1.1 ± 0.1 1.3 ± 0.1 2.4 ± 0.2 
Threonine 1.2 ± 0.1 1.9 ± 0.2 2.9 ± 0.3 
Proline 2.3 ± 0.1 2.9 ± 0.4 -  
Valine 1.7 ± 0.1 3.3 ± 0.1 5.5 ± 0.2 
Aspartic acid 3.3 ± 0.4 1.9 ± 0.2 1.4 ± 0.1 
Glutamic acid 3.1 ± 0.4 1.9 ± 0.2 1.9 ± 0.2 
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Figure 1:  CID product ion mass spectra of [CuII (ref)2 (Val)-H]+ ions with L- 
Tyrosine (I and II) , 3-iodo-L Tyrosine (III and IV) and 3,5- diiodo-L-Tyrosine (V 
and VI) as references 
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We further carried out theoretical calculations on the stabilities of the 
dimeric [MII(ref)(A)]+ complexes (Where M= Ni, ref= 3,5-diiodo-L-Tyrosine, A= 
L- or D-Val) in order to understand the experimental observations. From the 
calculation it was found that the close proximity of the iodine atoms (van der 
Waal radius = 1.967A0) and the side chain of the L-analyte leads to larger steric 
interaction. This leads to the destabilization of the complex involving the L- 
analyte more as compared to the D-analyte which results in better 
enantioselective discrimination of amino acids.  In case of acidic amino acids 
(Asp), the Rchiral value decreases from tyrosine to 3-iodo-L-tyrosine and to 3,5-
diiodo-L-tyrosine and this may be due to contribution from different structures 
for the complex ion of interest where the extra –COOH (as such or after 
deprotonation) of the amino acid can also be involved in the complex formation. 
Quantitative measurement of enantiomeric purities of the amino acids  
 The large enantioselective discrimination ability of 3, 5-diiodo-L-tyrosine as a 
reference and the sensitive nature of the kinetic method allows quantitative 
measurement of the optical purity of the amino acids.  With a view to checking 
the suitability of the present method for measurement of optical purity of amino 
acids, we did quantitative experiments by selecting Val as the analyte. The 
experiments were performed using L- and D- enantiomers of Val with various 
compositions, 100/0, 98/2, 90/10, 75/25, 50/50, 25/75, 10/90, 2/98, and 0/100 
[(L)-Val/(D)-Val %]. The natural logarithm of abundance ratio of [CuII(ref)(A)-
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H]+/[CuII(ref)2-H]+ (ln R) was plotted as a function of enantiomeric excess (ee) 
values (Figure. 2).  Good correlation between ln R and the ee  of the amino acid 
mixture shows that this method can also be used for getting the enantiomeric 
purity of the studied amino acids. 
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Figure 2.  Calibration curve for enantiomeric analysis of valine using Cu as the 
metal cation and 3,5-diiodo-L-tyrosine as the chiral reference based on the 
triplicate measurements. Value corresponding to each point is an average of 
triplicate measurements made on different days. The error bars in the figure 
represent the standard deviations from the three triplicate measurements.  
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Chapter 1  
Part III: Halogen substituted phenylalanines as chiral references for 
enantioselective discrimination of amino acids: effect of halogen 
In Part II of this chapter, the effect of iodine substituents on the 
enantioselective discrimination ability of the reference, L-tyrosine, was shown for 
analyzing amino acids. The enantioselective discrimination increased with the 
number of iodine substituents on the reference. However, there was no 
systematic study on the other iodine substituted references, as well as on the 
effect of other halogen substituents in the reference towards enantioselective 
discrimination.  Hence, a series of halogen substituted L-phenylalanines as chiral 
references towards enantioselective discrimination of amino acid was tested to 
study the effect of the nature and position of halogen substituent on the aromatic 
ring of L-phenylalanine.   
Halogen substituted D- or L-phenylalanines (1-5, Scheme 2), which consist halogen, 
X (X = F, Cl, Br or I) at the p -position of phenylalanine, m-fluoro-L-Phenylalanine 
(6), and o-fluoro-L-Phenylalanine (7) were chosen as chiral references to explore the 
halogen substituent effects on the enantioselective discrimination of amino acids. 
Earlier studies showed that Cu2+ complexes give better enantioselective recognition 
than Ni2+ and hence, only Cu2+ was used for the complex formation in the present 
study. All the studied amino acids (except Cys), irrespective of the chiral reference 
used, form the desired metal bound trimeric complex ions, [M(ref)2(A)-H]+.  The 
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[M(ref)2(A)-H]+  formed from both D- and L-amino acids with studied chiral 
references were subjected to CID experiments, and most of the combinations 
showed  the expected two product ions viz. [M(ref)(A)-H]+ and [M(ref)2-H]+.  
     
          
 
 
 
 
 
 
 
 
 
                         
 
                          Scheme 2: Structure of references, used in this study. 
 
For all the successful cases, the relative abundance ratios of the two 
fragment ions, i.e., [M(ref)(A)-H]+/[M(ref)2-H]+, formed during the dissociation 
of trimeric cluster ion from both D- and L-amino acids are used to get RD and RL 
values, respectively, as explained in earlier studies (Scheme 1).  These abundance 
Halogen substituted L-Phe 
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              X = Cl, 2 
              X = Br, 3 
              X = I,  4         
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ratio values are used to measure the Rchiral values (Rchiral = RD/RL); and the values 
obtained for successful combinations are summarized in Table 2.  
 
 
 
Table 2: Rchiral values with SD (±) for amino acids (AA) using halogen substituted 
L-phenylalanine (1-4) and para-iodo-D-phenylalanine (5) as the reference.  
 
AA 1 2 3 4 5 
Ala 1.6 ± 0.1 2.2 ± 0.09 2.8 ± 0.2 3.1 ± 0.1 0.30 ± 0.01 
Ile 3.5 ± 0.2 5.9 ± 0.29 9.7 ± 0.6 13.1 ± 0.5 0.08 ± 0.01 
Asp 2.6 ± 0.14 2.6 ± 0.08 2.4 ± 0.2 2.7 ± 0.2 0.35 ± 0.01 
Thr 1.6 ± 0.29 2.4 + 0.15 2.9 ± 0.2 3.9 ± 0.3 0.26 ± 0.01 
Val 3.6 ± 0.26 6.9 ± 0.23 8.8 ± 0.6 12.9 + 0.5 0.09 ± 0.01 
Ser 1.6 ± 0.07 2.2 ± 0.08 2.4 ± 0.3 3.4 ± 0.3 0.29 ± 0.01 
Leu 1.8 ± 0.19 2.3 ± 0.14 3.6 ± 0.3 4.3 ± 0.2 0.22 ± 0.04 
glu 2.0 ± 0.11 2.9 ± 0.14 3.5 ± 0.4 3.1 ± 0.2 0.30 ± 0.04 
 
* CID activation level is optimized and kept constant for all measurements of enantiomers. The standard 
deviation (SD) is based on triplicate measurements on different days. 
 
Chiral selectivity of the p-halogenated derivatives of L-Phe (1-4) increases 
from fluorine to iodine for the studied amino acids, except for acidic amino acids. 
Among the successful amino acids the Rchiral values are larger for Val and Ile 
when compared with other amino acids. We have also checked the validity of the 
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present method by cross-chiral experiments using p-iodo-D-Phe (5) as the 
enantioselective reference in the place of 4. Cross chiral experiments had been 
reported earlier, and in such experiments ideally the (Rchiral with L-reference) x 
(Rchiral with D-reference) value expected to be close to unity. For all the studied 
amino acids Rchiral refD x Rchiral refL is found to be near to 1 (0.9 - 1.1).  The Rchiral 
values of the amino acids marginally increases (except acidic amino acids) from 
o- to p- to m- fluoro L-Phe as chiral references. As the size of the halogen atom 
increases from fluorine (atomic radii = 0.5Ao) to iodine (atomic radii = 1.40Ao), 
the steric crowding is likely to increase due to steric interaction between the 
halogen atom and the alkyl group at the α-carbon atom of the amino acid. This 
increases the destabilization of the diastereomeric complex formed by L-
enantiomer which results in better chiral selectivity from fluorine to iodine.  
 
Chapter 1  
Part IV: Enantioselective discrimination of D- and L-amino acids using 
iodinated thyronines as chiral references. 
In Chapter 1 Part 2, we demonstrated the effect of iodine substituents on 
the enantioselective discrimination ability of the reference, L-tyrosine, using 
amino acids as analytes. The chiral selectivity increases with the number of 
iodine substituents on the reference. There is a scope to explore the studies 
towards effects of extended functional groups, in addition to existing 
substituents, in the reference molecules.  With this aim, a new series of 
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references, i.e., hydroxy phenyl ether of tyrosines [L-thyronine (T0), 3,5 
diiodothyronine (T2),  3,3’,5 triiodothyronine (T3)] were chosen as reference 
towards enantioselective discrimination of same set of analytes (amino acids). 
Thyronines are hydroxy phenyl ether of iodotyrosines having an extra aromatic 
ring. Typical eletrospray ionization mass spectrum of solutions containing a 
mixture of reference [L-Thyronine (T0), diiodo-L-thyronine (T2), or Triiodo-L-
thyronine (T3)], D- or L-amino acid as analyte and NiCl2 as central metal ion 
comprise several type of ions. The use of trimeric complex ion, [M(ref)2(A)-H]+ 
ion to achieve the enantioselective discrimination  was tested with the studied 
references. All the analyte amino acids form abundant trimeric complex ions and 
the trimeric complex ions formed from both D- and L-amino acids were 
subjected for CID experiments, and most of the combinations showed the two 
expected fragment ions (scheme 1, (a and b)) The relative abundance ratios of the 
two fragment ions from both D- and L-amino acids are used to measure the Rchiral 
values; and they are summarized in Table 3.  
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Table 3: The RChiral values for amino acids with all the studied references using 
Ni as central metal ion in the trimeric cluster iona.   
 
 
 
 
 
 
 
 
 
 
 
 
 
      aStandard deviation (SD) reported from the triplicated measurement performed on different days 
       bValues taken from the earlier study 
 
 
It is observed that the Rchiral values obtained with thyronine are higher than those 
obtained with tyrosines for aromatic and aliphatic amino acids, and this reveals 
Amino acid Tyrosineb T0±SD T2±SD T3±SD 
Tyrosine --- 2.15±0.1 4.0±0.2 4.0±0.5 
Phenyalanine 1.89 2.49±0.3 4.08±0.3 4.5±0.5 
Leucine 1.35 1.84±0.1 2.47±0.1 2.01±0.2 
Alanine 1.13 1.51±0.1 2.37±0.1 2.21±0.3 
Serine 1.07 1.18±0.1 2.51±0.2 2.62±0.2 
Proline 2.28 3.03±0.2 4.4± 0.1 4.0±0.8 
Valine 1.66 2.97±0.1 6.6±0.2 7.0±0.9 
Theronine 1.17 1.38±0.2 3.1±0.3 4.0±0.5 
Aspartic acid 3.3 2.97±0.5 0.76±0.1 0.86±.1 
Glutamic acid 3.12 2.23±0.1 1.02±0.1 0.93±0.1 
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participation of the extra aromatic ring of thyroinine in the chiral discrimination 
process.  Enantioselective discrimination of aliphatic and aromatic amino acids 
increased using iodinated thyronines as the references when compared to 
thyronine.  In case of T2 and T3 as the reference (Table 3), a greater degree of 
chiral selectivity obtained for Val, Pro, Thr, and aromatic amino acids whereas 
acidic amino acids could not be discriminated (Rchiral value found to be near 1). 
The difference in the chiral selectivity of T2 and T3 is insignificant. It reveals that 
the presence of third iodine atom at the 3’ carbon atom does not contribute in the 
chiral discrimination process.  
 
Chapter 2: Exploration of mononucleotides as fixed ligands towards 
enantioselective discrimination of hexose monosaccharides by the kinetic 
method 
Glucose, galactose, and mannose are the three most common hexose 
monosaccharides present in mammalian physiology; therefore, these three 
isomers were selected for the present study. A new version of the kinetic method 
called as fixed ligand kinetic method was used for this study. The degree of 
enantioselective discrimination improves with the fixed ligand method when 
compared with the conventional kinetic method due to increased chiral 
interactions promoted by the fixed ligand. Naturally occurring mononucleotides 
are known for their potential metal binding affinities and they also exist in 
different gas phase conformations. But such molecules are not tested as fixed 
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ligands towards the enantioselective discrimination process. This prompted us to 
explore the fixed ligand kinetic method using mononucleotides as the fixed 
ligands towards enantioselective discrimination of monosaccharides. Five 
mononucleotides viz. 5’ AMP, 5’ GMP, 5’ CMP, 5’ UMP and 5’ TMP, were chosen 
for the enantioselective discrimination of monosaccharide.  Initial experiments 
were carried out to check the suitability of all studied mononucleotides as fixed 
ligands using amino acid (L-Asp) as the reference towards the enantioselective 
discrimination of hexose monosaccharide. The degree of enantioselective 
discrimination was evaluated using the fixed ligand kinetic method and 
tabulated in Table 4. Among five mononucleotides used, only 5’GMP shows 
good enantioselective discrimination for all the selected monosaccharide, 
whereas the 5’AMP and 5’CMP show marginal discrimination for all the 
monosaccharides. 5’UMP and 5’TMP show negligible discrimination for 
galactose and glucose, respectively [Table 4].  
                                        Table 4: Rchiral values with RSD (%) for monosaccharide with the 
mononucleotides as fixed ligands with L-ASP as reference.∗ 
 
∗CID activation level is optimized and kept constant for all measurements of enantiomers. The relative standard deviation 
(RSD) is based on triplicate measurements on different days. 
Analyte 5’AMP 5’GMP 5’CMP 5’UMP 5’TMP 
 Rchiral 
RSD 
(%) Rchiral 
RSD 
(%) Rchiral 
RSD 
(%) Rchiral 
RSD 
(%) Rchiral 
RSD 
(%) 
Glucose 1.3  1.5 0.16 6.2 0.6  7.3 1.0 7.0 0.7  3.2 
Mannose 0.8 6.2 0.3 6.6 1.4  6.8 0.97  5.3 1.0 6.6 
Galactose 0.7  4.2 1.6 3.4 0.6  4.0 1.3  6.1 0.99 3.1 
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Among the three hexose sugars, the discrimination with 5’ GMP is highest 
for Glucose. With a view to understanding the effect of deoxy sugar as the fixed 
ligand, 5’ dGMP was tested as the fixed ligand instead of 5’ GMP. No significant 
differences could be observed in the Rchiral values obtained with 5’ GMP and 5’ 
dGMP. Thus the chiral selectivity obtained with mononucleotide is independent 
of its sugar part (ribose or deoxy ribose). The conformation of mononucleotide in 
the gas phase could be mainly responsible for the observed chiral selectivity in 
the gas phase. 
 
With a view to understanding the structural effect of the reference on the 
enantioselective discrimination of monosaccharides, we screened all the natural 
amino acids for their suitability as the reference. Based on the suitability to form 
abundant trimeric cluster ions and ability to form two product ions of 
comparable height, five amino acids, namely L-Asp, L-Thr, L Glu, L-Trp, and L-
Ser are found to be suitable as the references towards the enantioselective 
discrimination of all three hexose sugar. The Rchiral values were calculated and 
tabulated in the Table 5. The acidic and hydroxy amino acids are found as better 
references towards the discrimination of all three hexose sugars by the fixed 
ligand kinetic method. The difference in the chiral selectivity between the amino 
acids shows the importance of the functional group present in the side chain of 
the amino acid towards the enantioselective discrimination process.  
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Table 5: Rchiral values with RSD (%) for monosaccharide with the 5’GMP as fixed 
ligand with different references.∗ 
 
∗CID activation level is optimized and kept constant for all measurements of enantiomers. The relative  
standard deviation (RSD) is based on triplicate measurements on different days. 
 
To understand the role of chirality of the reference amino acid in the 
enantioselective discrimination process, we performed similar experiments using 
D-Asp, D-Thr, D-Ser, D-Glu and D-Trp as the reference.  The Rchiral values 
obtained with acidic and hydroxy amino acid as reference for glucose and 
mannose are markedly less than those obtained with L-enantiomeric form of 
these amino acids. Thus, it reflects that the enantioselective discrimination of 
hexose monosaccharide depends on chiral interactions with fixed ligands, on the 
nature of the functional group present on the side chain of the reference amino 
acid and chirality of the reference amino acids.  
 
 
 
 
Analyte L-Asp L-Ser L-Thr L-Glu L-Trp 
 Rchiral 
RSD 
(%) Rchiral 
RSD 
(%) Rchiral 
RSD 
(%) Rchiral 
RSD 
(%) Rchiral 
RSD 
(%) 
Glucose 0.16 6.2 0.5 6.0 0.48 4.2 0.23 4.3 0.2 2.8 
Mannose 0.3 6.6 0.6 4.9 0.5 5.9 1.6 4.2 0.6 5.4 
Galactose 1.6 3.4 2.2 7.7 2.2 3.0 2.1 3.7 2.0 7.1 
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Chapter III:  Estimation of gas phase acidities of deoxyribonucleosides 
using extended kinetic method.  
The study of deoxyribonucleosides is important as they are fundamental 
building blocks of DNA and play a major role in therapeutic applications as 
antiviral agents. In contrast to the wide array of proton affinity studies on 
deoxyribonucleosides, there have been no experimental and theoretical reports of 
the gas-phase acidities of these molecules. In this study the gas phase acidity of 
dA, dG, dC, and dT were estimated by the extended kinetic method and 
theoretical calculation. The structures of the deoxyadenosine (dA), 
deoxyguanosine (dG), deoxycytidine (dC), and deoxythymidine (dT) are given in 
Scheme 3.  
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With the aim to measure the absolute gas phase acidity (∆H) values of 
deoxyribonucleosides the extended kinetic method was used.  A set of aromatic 
compounds (benzoic acid and phenol derivatives) were selected as the references 
for the estimation of GAs of studied deoxyribonucleosides. The GA estimation of 
each deoxyribonucleosides was carried out using four references. Proton-bound 
hetero-dimeric anions [A-H+B-] were generated under ESI conditions, and the 
2’ 
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Scheme 3: Structure of deoxyribonucleosides with each atom numbered typically 
for purine and pyrimidine deoxyribonucleosides respectively.  
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CID spectra of these anions were recorded at different collision energies [5, 8, 10, 
and 12ev]. The CID spectra showed two monomeric anions, [A]- and [B]- where A 
= deoxyribonucleosides and B = the reference compound whose gas phase 
acidity is known. Plotting values of ln {[A-]/[B-]} obtained at a specific collision 
energy vs the values of [∆Hacid(BH)- ∆Hacid(BHavg)] for the reference compounds 
gives a straight line with slope [1/RTeff] and intercept {-[-∆Gacidapp(AH)- 
∆Hacid(BH)avg]/RTeff}.  Such plots were obtained at four different collision 
energies.  From the intercept ∆Gacidapp and from the slope, Teff value 
corresponding to each collision activation condition has been obtained and 
tabulated in the Table 6. In order to obtain the entropy term, the negatives of 
intercept obtained at different collision energies were plotted vs. the 
corresponding slopes. This plot was then used to extract the value of [∆Hacid(AH) 
- ∆Hacid(BH)avg]  from the slope and the [-∆(∆Sacid)/R] value from the intercept. 
This method is called as extended kinetic method and useful in cases where 
references and analyte are structurally different. The experimental gas phase 
acidities follows the order dA>dC>dT>dG. The ∆Hacid values were also 
predicted computationally by using density functional methods at B3LYP/6-
311+G**//B3LYP/6-311G** level of theory. The calculations revealed that the 
deprotonation is preferred from nitrogenous base, but in the case of dA it is from 
the sugar moiety. The most favored deprotonation sites are C5’-OH of dA, C4-
N4-Hb of dC, N3-H of dT, C2-N2-Hb of dG. The theoretical ∆Hacid values are in 
good agreement with the acidities obtained from the experiments by applying 
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the extended kinetic method, and they are found to be in order of 
dA>dC>dT>dG.  
 
 Table 6:  The ∆H, ∆S, and ∆G values for deoxyribonucleosides obtained by the 
extended kinetic method.* 
 
                   *The value in the [ ] indicates Teff  values in K 
                   * ±  Standard deviation from the triplicate data. 
                   *  The value in parentheses (  ) indicates uncertainties at 95% confidence limit . 
  
 
 
 
 
 
 
 
 
 
 
∆Gapp (kJ/mol)  
Comp. 5eV 8 eV 10 eV 12 eV 
∆Hacid  
 (kJ/mol) 
∆S 
(J/mol/k) 
 
∆Gacid = 
∆H-T∆S 
(KJ/mol) 
at 298K 
 
dG 1387.4±0.1 
[465] 
1388±0.1 
[477] 
1388.6±0.1 
[489] 
1389.2±0.1 
[507] 
1367 ± 2.2 
 (5.4) 
53.7± 3.8  1351 ± 1.0 
(2.4) 
dA 1462±0.1 
[662] 
1464.3±0.1 
[702] 
1466±0.1 
[746] 
1467.3±0.2 
[772] 
1430 ± 1.5 
 (3.7) 
52.5± 2.7 1415 ± 0.7 
(1.7) 
dC 1455.8±0.2 
[530.5] 
1457.2±0.1 
[545] 
1458.3±.0.1 
[571] 
1459.6±0.2 
[601] 
1409 ± 2.5  
(6.0) 
47.0 ± 4.4 1394.6±1.2 
(2.9) 
dT 1428.6±.0.7 
[563] 
1430.4±.1.0 
[594] 
1431.4±.0.9 
[611] 
1432.8±1.0 
[640] 
1399±1.7 
 (4.0) 
42.8 ± 3.4 1386 ± 1.0 
(2.4) 
